Abstract Central composite design of response surface methodology (RSM) was employed to optimize the extraction time (X 1 : 99.5-290.5 min) and temperature (X 2 : 30.1-54.9°C) of Schizophyllum commune aqueous extract with high antioxidant activities and total phenolic content (TPC). Results indicated that the data were adequately fitted into four second-order polynomial models. The extraction time and temperature were found to have significant linear, quadratic and interaction effects on antioxidant activities and TPC. The optimal extraction time and temperature were: 290.5 min and 35.7°C (DPPH 
Introduction
Mushrooms are known not only for their culinary value, but the medicinal properties found in certain species of mushrooms have generated vast interests amongst scientific communities. Some wild edible mushrooms are widely consumed that they are now cultivated commercially and one of those famous cultivated species is Pleurotus spp. (also known as oyster mushroom). Mushrooms are consumed as whole food and they have been used as flavouring materials in food such as soups and sauces due to their unique flavour (Mau et al. 2004 ). The consumption of wild edible mushrooms is increasing due to the good nutritional values (Chong et al. 2007) . Mushrooms have been reported as therapeutic foods that are useful in preventing certain diseases such as hypertension, hypercholesterolemia, and cancer (Elmastas et al. 2007) .
Antioxidants have been widely used as food additives to protect against oxidative degradation by free radicals, and also help to prevent harmful reactive oxygen species in human body. Many human diseases have been linked with oxidative stress generated an increased rate of oxidations which disturb the balance state between prooxidants and antioxidants in the body (Dubost et al. 2007 , Li et al. 2009 ). Besides, free radicals react with food lipids and cause lipid peroxidation that deteriorates food quality, affecting the colour, flavour, taste, texture and nutritional value of foods (Ferreira et al. 2007 , Biglari et al. 2008 . Antioxidants are used in lipid-containing foods to minimize rancidity, preventing off-flavour, delay the formation of oxidation products, maintain nutritional quality and prolong the shelf life of food products (Maisuthisakul et al. 2007 ).
The search of potent antioxidant from natural sources has always remained as the mainstream of research. Mushrooms with delicate flavour and texture are recognised not only as nutritious food, but also an important source of biologically active compounds with medicinal values. Mushrooms have been reported to be an excellent source for antioxidant as they accumulate variety of secondary metabolites, including phenolic compounds, which are very competent scavengers of peroxy radicals (Cheung et al. 2003) . High antioxidant capacity has been reported in wild growing mushrooms; among others are T. rutilans (Ribeiro et al. 2006) ; L. giganteus (Barros et al. 2007a ) and B. edulis (Ramirez-Anguiano et al. 2007 ). Ferreira et al. (2007) reported that higher antioxidant capacity is found in caps compared to the stipes of the mushroom.
Schizophyllum commune is commonly known as "split gill" and normally associated with white rot decay of wood and a variety of other substrata in temperature, sub-tropical and tropical forest (Brady et al. 2005) . The individual mature fruit bodies are elastic and tough, grey-white to brown in color, fan-shaped with short stripes and a wrinkled upper surface. Schizophyllan is a polysaccharide derived from S. commune and an important immunemodulator that demonstrated anti-tumor effects (Lindequist et al. 2005) , and this polysaccharide is also believed to possess antioxidative properties. Dikin et al. (2007) reported that S. commune possesses anti-microbial substances which have broad spectrum to control pathogen fungi and suppress bacteria.
Solvent extraction is the most commonly used extraction method to recover a wide range of antioxidants and phenolic compounds (Abad-García et al. 2007 , Chirinos et al. 2007 ). The efficacy of the extraction is influenced by factors such as storage time, solvent type, extraction method, the pH, extraction temperature, solvent-to-solid ratio, particle size and solvent concentration (Pinelo et al. 2005 , Silva et al. 2007 . Although solvent extraction is simple and easy, it is very time consuming, laborious and provide low extraction yields with large amount of organic solvents used (Herrero et al. 2005) .
Response surface methodology (RSM) is an effective statistical technique for optimizing the process variables and a powerful tool which can present the optimal conditions that improve a process if it is used adequately (Silva et al. 2007 , Fan et al. 2008 . RSM helps to define the effect of the independent variables, whether it is alone or in combination in the process (Bas and Boyaci 2007) . Thus, RSM is a useful tool for optimizing the chemical and biochemical process over the conventional one-factor-at-atime approach, which is relatively time-consuming and expensive.
Report on antioxidant activity of wild grown S. commune found in Sabah, Malaysia is still scarce and no previous work was reported on optimizing the extraction conditions on antioxidant activity. Thus, the objective of the present study was to apply the RSM approach to optimize the extraction time and temperature in order to maximize the yield of antioxidant activity and total phenolic content from S. commune aqueous extract.
Materials and methods

Chemicals and reagents
All the chemicals and reagents were of analytical grade. Gallic acid, ethanol, glacial acetic acid, iron (III) chloride anhydrous, sodium carbonate anhydrous, potassium persulfate and 2,4,6-tripyridyl-s-triazine (TPTZ) were purchased from Fisher Scientific (Leicestershire, UK). Methanol, hydrochloric acid, Folin-Ciocalteu's phenol reagent and 2,2′-azino-di[3-ethyl-benzthiazoline sulfonate] (ABTS) were from Merck (Darmstadt, Germany). Sodium acetate buffer (0.3 M) and 2,2-diphenyl-1-picryhydrazyl (DPPH) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Water used was of Millipore quality (Millipore, MA, USA).
Preparation of mushroom extract
The wild mushroom Schizophyllum commune was purchased from indigenous people who collect from forest and sell at local market in Kota Kinabalu, Sabah, Malaysia. The sample was washed, air dried followed by drying in an oven at 45°C for 24 h. The dried sample was grounded to powder using a miller (MF 10 basic; IKA®-Werke, Staufen, Germany) with 0.5 mm mesh size and about 5 g of dried S. commune powder was extracted by 50 ml of distilled water. The mixture was shaken at required temperature and time using a water bath shaker at level 8 (Memmert, Schwabach, Germany). The extraction time and temperature were predetermined using RSM software (Design Expert 6.0) as per the experimental design. Then, the mixture was centrifuged for 10 min at 4000 rpm (Universal 320R, Hettich Zentrifugen, Beverly, MA, USA). The supernatant was then filtered through a Whatman No. 1 filter paper to obtain clear extract.
DPPH radical scavenging activity
Radical scavenging activity of the mushroom extract was evaluated using DPPH radicals based on the method by Xu and Chang (2007) 
FRAP assay
The ferric reducing antioxidant power (FRAP) of mushroom extract was estimated based on the methods by Benzie and Strain (1996) and Xu and Chang (2007) with slight modification. The FRAP reagent was prepared by adding 2.5 ml of 10 mM TPTZ into 40 mM HCl. After dissolving TPTZ in HCl, 2.5 ml of 20 mM FeCl 3 ·6H 2 O (ferric trichloride hexahydrate) was added followed by 25 ml of 0.3 M acetate buffer at pH 3.6. The freshly prepared FRAP working reagent was warmed to 37°C. Then, approximately 3 ml of the FRAP reagent was added to 100 μl of mushroom extract and 300 μl of deionized water. The absorbance was measured at 593 nm against the blank (XTD 5, Secomam, Alès Gard, France) after 4 min. FRAP value was calculated and expressed as mM Fe 2+ equivalent (FE) per 100 g sample using the calibration curve of Fe 2+ . All determinations were performed by replicate experiments with triplicate analysis. Linearity range of the calibration curve was 0.2-1 mM (R 2 =0.99).
Total phenolic content (TPC) analysis
The TPC analysis was performed using Folin-Ciocalteu method according to Barros et al. (2007b) and Zhao and Hall (2008) with slight modification. A 1 ml of sample was mixed with 1 ml of Folin-Ciocalteu's solution. After 3 min, 1 ml of 7.5% sodium carbonate solution was added to the mixture and adjusted to 10 ml with deionized water. The mixture was allowed to stand at room temperature in the dark environment for 90 min. Absorbance was measured against the blank reagent at 725 nm using spectrophotometer (XTD 5, Secomam, Alès Gard, France). Gallic acid was used for the calibration curve with a concentration range of 50-1000 μg/ml (R 2 =0.99) and analyzed as above. Results were expressed as mg gallic acid equivalent (GAE)/ 100 g sample. All determinations were carried out by replicate experiments with triplicate analysis.
Experimental design
Before the development of the study by RSM, determination of experimental ranges for independent variables namely, solvent type, extraction time and temperature were carried out using total phenolic content as determinant factor as previously reported (Yim et al. 2009 ). Then, RSM was used to determine the optimum levels of extraction time (min) and temperature (°C) using water as extraction medium on four responses namely, DPPH
• scavenging and ABTS •+ inhibition activities, FRAP and TPC in the S.
commune extracts. These two factors, namely extraction time (X 1 ) and temperature (X 2 ) were coded into five levels (−1.414, −1, 0, 1, 1.414). The coded and uncoded independent variables used in the RSM design are shown in Table 1 . Ranges of extraction time and temperature with water as the extraction solvent and the central points were selected based on preliminary experimental results. The experiments were designed according to central composite design (CCD) with a 2 2 factorial design consisting of four factorial points, four axial points and six central points ( Table 2 ). The run of the experiments were conducted in a random order and the data were analyzed by multiple regressions using least-square method. The response function (Y) was partitioned into linear, quadratic, and interactive components and the experimental data were fitted to the second-order regression equation as shown in Eq. 3:
where Y k refers to the measured predicted responses, β 0 is the intercept; β i , β ii , and β ij are the linear, quadratic and interaction coefficients, respectively of the model, and X i and X j are the levels of independent variables. The threedimensional surface response plots were generated showing the relationship between the response and independent variables (Bas and Boyaci 2007) . The experimental data were analyzed using MINITAB (Minitab Inc., State College, PA, USA) version 14 for Windows and Design Expert 6.0 (Stat-Ease Inc., Minneapolis, MN, USA). The significance level was based on a confidence level of 95.0%.
Results and discussion
The selection of water as extracting solvent (out of other solvents such as methanol, ethanol, acetone and hexane) and the appropriate range of extraction time and temperature were determined using single factor experiments, the best extraction parameter was selected according to the value of TPC (mg GAE/100 g) as reported in Yim et al. (2009) . Based on the results from single factor experiment, the ranges of extraction time (60-330 min) and temperature (25-60°C) were optimized using RSM for maximal yield of antioxidant activity and TPC from S. commune aqueous extract as reported in the present study.
Fitting the models
The antioxidant activities namely DPPH Table 2 . The experimental data were fitted into the second-order polynomial equations and the regression coefficients were calculated, the significance of the coefficients of the models were determined by analysis of variance (ANOVA) as summarized in Table 3 .
The adequacy of the model to fit the experimental data was verified by the lack of fit testing; ANOVA for the lack of fit test for all the responses were insignificant (p>0.05) indicating that the model were adequately fitted the experimental data. The larger the regression coefficient in a model with significant p-value indicates a more significant effect on the respective response variables (Yang et al. 2009 ).
Response surface analysis of DPPH • scavenging ability
The response surface analysis (RSA) of the experimental data as shown in Table 2 demonstrates that both extraction time and temperature have quadratic effect on DPPH • scavenging ability with a good regression coefficient (R 2 =0.901). The relationship between the DPPH
• scavenging ability and the extraction parameters is shown in Eq. 4 as follows:
Extraction temperature had significant negative linear and quadratic effects (p<0.01), and extraction time was shown to have a significant linear effect (p<0.05) on DPPH
• scavenging ability, and no significant interaction effect between extraction time and temperature was observed (Table 3 ). Figure 1 shows the (a) contour plot and (b) response surface plot of extraction time and temperature on DPPH • scavenging ability. The DPPH
• scavenging ability increased when extraction time increased. As temperature increased from 30°C to about 42.5°C, higher DPPH • scavenging ability was detected and the DPPH • scavenging ability decreases drastically with increasing temperature after 42.5°C region. A negative quadratic effect of temperature was observed for DPPH
• scavenging ability, indicating that there is a maximum DPPH
• scavenging ability at a certain temperature, and the DPPH • scavenging ability begins to decrease above this temperature. In order to obtain high DPPH
• scavenging ability, the extraction temperature plays a more critical role in extends to extraction time. Generally, high DPPH • scavenging ability could be obtained with increasing extraction temperature, as according to Pinelo et al. (2005) , increasing extraction temperature will enhance the solubility of solute and increased the extraction coefficient, but temperature above 50°C will affect the stability of the phenolic compounds and the alteration of plant's membrane integrity may affect the antioxidant capacity. Gan and Latiff (2010) revealed in their study that extraction temperature between 35 and 55°C did not significantly increase the antioxidant activity of Parkia speciosa pod. Therefore, the decrease of the scavenging ability with the increase of extraction temperature above 42.5°C region observed in the present study might parameter is quadratic with a good regression coefficient (R 2 =0.937), and the Eq. 5 shows the relationship as follows:
Extraction time and temperature had both significant negative quadratic effects (p<0.01), and a significant interaction effect between extraction time and temperature was found (p<0.01); no significant linear effect was observed for both extraction time and temperature (p> 0.05) on ABTS
•+ inhibition (Table 3 ). Figure 2 shows the (a) contour plot and (b) response surface plot of ABTS
•+ inhibition activity as a function of extraction time and temperature, the ABTS •+ inhibition activity increased from 99.5 min to 195 min and curve off thereafter. It was observed that as extraction temperature increases from 30°C to 42.5°C, the inhibition activity increases drastically. Beyond 42.5°C, further increase in extraction temperature did not increase the inhibition activity but decreases drastically approaching 55°C. This results a curvilinear effect response surface as observed in Fig. 2b . The negative effects of both extraction time and temperature indicating that at a certain time and temperature deceleration of ABTS
•+ inhibition occurs. Interestingly, a significant negative interaction between extraction time inhibition, which may be attributed by decomposition of antioxidative compounds upon longer extraction time and higher temperature (Silva et al. 2007 ). According to practical cost-saving considerations, Xu et al. (2008) stated that the point representing possible combination of the lowest levels of factors within the optimum zone would be preferred over other combinations. It was important to obtain the highest inhibition of ABTS •+ extracted under moderate time (about 180 min) and temperature (40-42°C).
The optimal extraction conditions were predicted to be the extraction time of 180.7 min and temperature of 41.7°C for the maximal ABTS
•+ inhibition activity of 94.04%.
Response surface analysis of ferric reducing antioxidant power
The RSA as shown in Table 2 demonstrated that the relationship between ferric reducing antioxidant power (FRAP) and extraction parameter is quadratic with a good regression coefficient (R 2 =0.919), and the Eq. 6 below shows the relationship:
Extraction time (p<0.05) and temperature (p<0.01) had both significant negative quadratic effects; no significant linear effect and interaction between extraction time and temperature were observed (p>0.05) on FRAP (Table 3) . Figure 3 shows the (a) contour plot and (b) response surface plot of FRAP with the effect of extraction time and temperature, the FRAP was observed to increase in low extraction temperature and moderate extraction time. An increased of FRAP was observed with increase of extraction temperature from 30°C to 42.5°C, and extraction temperature above 42.5°C decreases the FRAP value. In general, FRAP increases with moderate extraction time (180-190 min) and extraction temperature (40-42.5°C).
The maximal FRAP predicted by RSA was 0.72 mM FE/ 100 g with the optimum extraction time of 185.2 min and extraction temperature of 42.4°C.
Response surface analysis of total phenolic content The RSA (Table 2 ) demonstrated a high regression coefficient (R 2 =0.929) and the Eq. 7 showed the relationship between TPC and extraction parameters of extraction time and temperature. 
Extraction time had significant linear effect and temperature showed significant negative quadratic effects (p< 0.01) on TPC, and no significant interaction effect was observed between extraction time and temperature (Table 3) . The contour plot (a) and response surface plot (b) with the effect of extraction time and temperature on TPC were shown in Fig. 4 . It can be observed that TPC increases linearly with increases of extraction time from 99.5 to 290.5 min. Likewise, it was obvious that increasing extraction temperature from 30°C to 42.5°C promoted higher TPC level. From 42.5°C to 55°C, TPC level falls slightly as increased extraction time. As reported by Cacace and Mazza (2003) , higher solubility and diffusion coefficient of polyphenols were observed with increased temperature, allowing more extraction rate. Nevertheless, an upper limit of temperature must be respected in order to prevent decomposition of thermo-sensitive compounds in particular flavonoids (Silva et al. 2007 ). The negative quadratic effect of temperature was observed for TPC, indicating that there is a maximum yield of TPC at a certain extraction temperature region, and the TPC starts to diminish above this region. Extraction time and temperature are important parameters to be optimized in order to minimize energy cost of the process. The result revealed that the yield of TPC was highest at extraction time of about 290 min with moderate temperature (40°C). Increase in the working temperature favours extraction, enhancing both the solubility of solute and the diffusion coefficient, but beyond a certain extend phenolic compounds could be decomposed. Compound stability may be affected due to chemical and enzymatic degradation or losses by thermal decomposition. This was the main mechanism causing the reduction in polyphenol content in onion as reported by Kiassos et al. (2009) . Gan and Latiff (2010) reported that the temperature range of 35-55°C did not significantly affect the TPC of Parkia speciosa pod in their study; however they suggested that this temperature range could be of optimum for the extraction at single parameter experiment. Moreover, phenols can react with other plant components, impeding their extraction. At this point extraction time becomes significant, since larger extraction periods might cause more extended polyphenol losses.
The optimal extraction conditions were predicted to be extraction time of 290.5 min and temperature of 40.3°C. The maximal TPC value predicted by RSA was 633.59 mg GAE/100 g.
Verification of predictive model Four individual verification experiments for DPPH
• scavenging activity (Y 1 , %), ABTS •+ inhibition activity (Y 2 , %), FRAP (Y 3 , mM FE/100 g) and TPC (Y 4 , mg GAE/100 g) were carried out under respective optimal extraction time and temperature within the experimental range. Table 4 shows the suitability of the model equation for the prediction of maximum responses was verified using the respective responses' optimal extraction. The experimental values of 85.10±2.43% (Y 1 ), 94.31±0.41% (Y 2 ), 0.74±0.02 mM FE/ 100 g (Y 3 ), and 635.76±5.49 mg GAE/100 g (Y 4 ), were found close to the predicted values derived from the respective regression models with the CV ranging from 0.29% to 2.78%.
Conclusion
RSM was employed to determine the optimum extraction time and temperature that yield high antioxidant activities (a) ANOVA revealed that extraction temperature shows significant quadratic effects on all antioxidant activities and TPC, whereas extraction time had significant quadratic effects in ABTS •+ inhibition activity and FRAP only. The experimental values generated based on the optimized extraction parameters were well consistent with the predicted values. This study suggested that the models obtained can be utilized to optimize the extraction time and temperature for the maximal yield of antioxidant activities and TPC from S. commune aqueous extract.
